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JOHN A. HEITMANN

A New Science and a New Profession:
Sugar Chemistry
in Louisiana, 1885-1895

B

ETWEEN 1885 and 1895 the Louisiana sugar industry experienced a scientific and technological revolution in methods,
process apparatus, and scale of operations. The animal-powered
mills and open kettles characteristic of the antebellum period
were supplanted by large, technically designed, and scientifically controlled central factories . In 1880 there were approximately 1,000 sugar houses in Louisiana with an average annual
production of 110 long tons of sugar per house. By 1900 fewer
than 300 factories constituted the state's sugar industry, but
yearly production averaged over 980 long tons for each sugar
house. One commentator of the period, Mark Twain, described a
modern Louisiana sugar factory as a "wilderness of tubs and
tanks and vats and filters, pumps, pipes and machinery." I
This new industrial world that emerged in rural Louisiana
was brought about in large part by a variety of local institutions
working in alliance with the United States Department of Agriculture. They included the Louisiana Sugar Planters' Association, the Louisiana Sugar Experiment Station, the Audubon
Sugar School, and Louisiana State University. These organizations facilitated the introduction of a progressive chemical and
engineering technology, derived in part from the European beet
sugar industry, into the traditional plantation culture of the
Deep South.
The emergence of a scientific and technical institutional infrastructure was crucial to the development of the late nineteenthcentury Louisiana sugar industry. Yet this complex. transformation of manufacturing processes would never have taken place
without the labor and innovations of a large number of experts
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working within the organizational structure. One group of experts, the sugar chemists, employed analytical skills and the
knowledge of organic reactions to improve production efficiency
in the sugar house .
To date, historians of American chemistry have generally
focused their attention on the activities of either a few eminent
scientists, like Theodore W. Richards, Gilbert N. Lewis, and Ira
Remsen, or outstanding chemistry departments, like those at
Johns Hopkins University, Harvard University, and the University of Chicago . Second- and third-level chemists and regional
institutions have been almost totally neglected. Studies of the
elite-the group of scientists at the very apex of the professional
pyramid representing the American scientific community-are
important indeed. Yet if we are truly to understand the progress
of chemistry and chemical technology in America, we must also
examine the lower tiers composing the bulk of investigative and
commercial applications activity. For example, scholars must
not neglect to examine the work of those creative chemists who
made significant contributions to the development of the
nineteenth-century agricultural and food industries. Their application of organic chemistry to the solution of practical problems was in part responsible for the drive to industrial maturity
that occurred in the United States between 1875 and 1914.2
Between 1885 and 1895 the sugar chemist in Louisiana could
be found plying his trade in either the experiment station, the
university, or the sugar-house laboratory. His workplace and his
professional world were far from tranquil. On the contrary, they
were characterized by change and tension. In part, the challenges that confronted the chemist were the consequence of
rapid technological changes . In order to maintain his employer's
economically competitive position, the sugar chemist was constantly pressured to keep abreast of new developments in carbohydrate chemistry and process technology. Yet in addition to the
everyday strains associated with his scientific and technical
responsibilities, the sugar chemist's institutional setting and
professional environment made his job even more trying. The
chemist was a newcomer to the sugar-industry work force, and
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his ability to improve product quality and the efficiency of the
manufacturing processes was often viewed with skepticism by
the tradition-bound planter. Many Louisiana planters seriously
questioned whether the application of scientific principles
would ever lead to profits. In addition, the artisan sugar boilers,
who previously had been charged with the responsibility of
controlling the sugar-making process, correctly perceived the
chemists as a threat to their livelihood and occupational status.
On many occasions young university-trained chemists, unaccustomed to the coarse manners of the sugar-house floor, were
shunned by the experienced and well-seasoned sugar boilers.
And finally, many chemists experienced an inner struggle as
well . Those sugar chemists who had extensive European educational training were forced to reconcile their vision of the German research ideal and their perceived role within the international scientific community with the reality that utility had
priority over pure research and that regionalism, not internationalism, characterized their current working environment
in Louisiana .
From the Age of Jackson to the 1880s, a few enlightened planters, along with a small group of medical men and consulting
chemists, were the source of chemical expertise in the Louisiana
sugar industry. By 1880, however, the Louisiana Sugar Planters'
Association (LSPA), a group of the wealthiest and most politically powerful sugar planters in the state, recognized that the
lack of scientific expertise could prevent it from successfully
competing against the dynamic European beet sugar industry.
To overcome this deficiency, this group pursued several strategies to secure university-trained scientists and engineers for
their industry. As a result of the relationship it cultivated with
the United States Department of Agriculture (USDA) and that
existed between the two organizations between 1883 and 1889,
the federal agency not only supplied the state with a large corps
of formally trained research chemists but also facilitated the
transfer of European developments in the chemical control of
manufacturing processes and the introduction of new plant apparatus. The USDA's interest in the Louisiana sugar industry re-
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suited in the use of systematic chemical analysis to monitor
large-scale processes, as well as the introduction of new extraction, clarification, filtration, and evaporation apparatus .
Nevertheless, Louisiana planters regarded the USDA experiments as only moderately successful. since the agency's trials
failed to establish conclusively the economic advantages of the
new processes. The presence of the USDA in Louisiana and the
unanswered questions from these trials convinced the LSPA
leaders to sponsor a sugar experiment station. Through private
subscription the LSPA established the Louisiana Sugar Experiment Station, which was first located in Kenner, Louisiana, in
1885.3 William Carter Stubbs, from the Alabama Experiment
Station, was hired as the LSPA station's first director.
Stubbs, who was director of the station between 1885 and
1905, proved to be popular and effective. Born near Williamsburg, Virginia, in 1843, he began his studies at the College of
William and Mary in 1860. His studies were interrupted by a
brief stint in the Confederate army, and after his capture and parole, he completed his preliminary studies at Randolph-Macon
College and again served in the Confederate cavalry until the
surrender at Appomattox. In 1865 Stubbs enrolled at the University of Virginia, where he completed the master's course
in chemistry and geology in 1867 . He then studied analytical
chemistry under John William Mallet for one year. Mallet, who
had been trained by Friedrich Wohler at Gottingen, impressed
upon Stubbs that chemistry was a quantitative rather than a
qualitative discipline. Between 1869 and 1872 Stubbs served as
professor of chemistry at Alabama Agricultural and Mechanical
College at Auburn. He gained additional responsibilities in 1877,
when he assumed the position of Alabama state chemist.4
Throughout most of his career, Stubbs's research focused upon
field studies. Most significantly, his conception of agricultural
chemistry was rooted in traditional American ideas and practices common between 1860 and 1880. His scientific activities in
Louisiana were strongly influenced by Samuel W. Johnson's
popular treatises, How Crops Grow and How Crops Feed. s Stubbs
employed Johnson's views not only in formulating the research
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program at the Louisiana Sugar Experiment Station but also in
teaching scientific agriculture to his students at Louisiana State
University. Stubbs's understanding of plant growth, like that of
Johnson, was based upon the analysis of inorganic ash residues and organic compounds, an approach that was the result
of chemical and agricultural investigations first proposed
by Justus Liebig in the early 1840s and employed extensively by
European and American chemists during the late 1840s and
early 1850s. Stubbs correlated plant growth stages with the relative quantities of inorganic acidic and basic salts found when
various proportions of the plant were ashed . Furthermore, he estimated the volatile components of plants (nitrogen, carbon,
hydrogen, oxygen, phosphorus, and sulfur) and extracted
such loosely defined organic constituents as fibers, fats, and
albuminoids.
During the late 1880s, the experiment station was moved from
Kenner to Audubon Park in New Orleans. At about this time
Stubbs began to reorient the experiment station's research program away from field trials and more toward sugar processing
improvements. This change in emphasis was in part due to a
shift in the planters' interest from the culture of sugarcane to
the large-scale manufacture of raw sugar. In particular, the
planters were debating the merits of the new diffusion process
as a possible alternative to the crushing of cane during extraction . Having discovered that many of his assistants possessed a
European education in chemistry, Stubbs sought to take advantage of their knowledge in carbohydrate chemistry to solve complex manufacturing problems. He designed manufacturing
studies so that data from large-scale sugar production tests
would also yield information about the formation of complex
carbohydrates and invert sugars in the cane. The conversion of
glucose to sucrose, and the complex interaction of gums, pectose
sugars, and albuminoids, were chemical reactions that on one
level were the basis of manufacturing problems, while on another level explained the biochemical development of cane from
seed germination to maturity. Thus, fermentation, an everpresent threat to efficient processing, was closely tied to the
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The "bes t looking fellow" a t the Audubon sugar experiment station, New Orleans, 1894.
Court esy of The Ch arle~ Edward Coa te.. Papers. Specia l Collec ti ons, LSU Libra ries, Loui·
sia na S ta te Uni vers it y a nd Agricultu ra l and Mechani ca l College.

presence of albuminoids , and an understanding of these substances and their associated reactions partially revealed the nature of plant growth .
Stubbs's r eliance upon the research efforts of the experimentstation chemists who had been trained in the fundamentals of
organic structural chemistry led to the practice of a new type of
agricultural chemistry at the Audubon experiment station during the 1890s. Investigators focused upon problems related to
plant biochemistry, a nd they often employed new ideas and
techniques originating in the European laboratories .
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A number of chemists found employment at the station between 1888 and 1905, including some, like T. H . Jones, Maurice
Bird, and W. Wipprecht, who had been trained at southern universities . Wipprecht, however, had also been educated at Gbttingen, and he proved to be the first of a large number of Bernard Tollens' former students who applied their theoretical
knowledge of sugar chemistry to the solution of practical problems at the Louisiana Sugar Experiment Station.6
Tollens, who had received his training under Rudolf Fittig at
the University of Gbttingen, Emil Erlenmeyer at the University
of Heidelberg, and Charles Adolphe Wurtz at the University of
Paris, had succeeded Wilhelm Wicke in 1873 as professor and director of the laboratory at the Agricultural Institute of Gbttingen . Historians of chemistry have neglected Tollens' career in
science, perhaps because he was the practical chemist working
out in the laboratory the structural theories proposed by better
known and more illustrious contemporaries. Nevertheless, Tollens had a central position within the nineteenth-century German community of chemists, frequently interacting with industrial concerns and academic scientists over scientific problems
of mutual interest. Until 1911 Tollens and his students focused
their efforts on determining the exact chemical nature of the unknown carbohydrates contained in the crude fibers and nitrogenfree extracts of crops . Emil Fischer's work on the structure of
carbohydrates enabled Tollens to understand basic carbohydrate reactions like hydrolysis, hydrazone formation, and fermentation .7 With this knowledge Tollens successfully separated
and analyzed many carbohydrate compounds normally found in
plant materials, including hexosans, pentosans, and methyl
pentosans. He also conducted studies on enzyme reactions and
the process of fermentation. Similar studies became the focus of
the Louisiana Sugar Experiment Station after 1890, when Tollens' former students Charles A. Browne, Fritz Zerban, Peter A.
Yoder, and William E. Cross applied their knowledge of carbohydrate chemistry and structural chemistry to the solution of
practical sugar manufacturing problems.
Although a majority of the chemists with Ph .D. degrees work-
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ing at the station between 1889 and 1910 were former students of
Tollens, graduates of Harvard, Johns Hopkins, and Zurich Polytechnical Institute also made valuable research contributions .
Of the two station chemists educated at Harvard-Horace Everett Lincoln Horton and Josiah Thomas Crawley-Crawley studied agricultural and physiological chemistry under Walter Maxwell, who in 1893 replaced his student at the Audubon Sugar
School.8 Also in 1893 Stubbs's staff was enriched by the addition
of Jasper L. Beeson, a chemist trained by Remsen . Although manufacturing problems and questions on plant growth remained
central, Beeson and Maxwell used their talents, with Stubbs's
approval, to redirect the nature of station investigations.
Beeson was born in Alabama in 1867. After graduating from
the University of Alabama in 1889, he was appointed instructor
of physics at the university, and a year later he found employment as a chemist for the Alabama Geological Survey. In 1891 he
entered Johns Hopkins, where he earned a Ph.D. degree in 1893 .9
After joining the staff at the Louisiana Sugar Experiment Station, he conducted research and taught chemistry to students of
the station's sugar school.
In his research Beeson investigated the link between problems
in sugar manufacture and the processes of plant growth and nutrition. The most controversial topic among Louisiana planters
and sugar manufacturers during the early 1890s was whether
diffusion or milling was more economical. Since it had been noticed that juices obtained from two successive milling operations were completely different in color, it was postulated that
the material contained in the cane internodes was different from
that expressed from the nodes during the second milling. Beeson
found that the substances extracted from the nodes were highly
colored, giving a heavy precipitate when mixed with a solution
of subacetate of lead and coagulating when heated to the boiling
point. However, extracts from the internodes were clear and
light in color, produced little coagulation upon heating, and contained more albuminoids and reducing sugars than the nodes.
In response to these findings, Beeson hypothesized that the physiological function of cane nodes was similar to that of seeds in
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flowering plants-storing food for the sustenance of the young
plant during that initial period before it had taken root sufficiently to draw nutrients from the earth . In Beeson's experiments
on pedigreeing cane, he chemically analyzed sugarcane grown
from seed tops, middles, and butts and found no significant differences. However, he discovered the presence of less sugar and
more solids-albuminoids, amide nitrogen, and ash-in the
tops. Therefore, he suggested using tops for seeds-cutting down
to the first joint that had cast its leaves and sending the remaining sugar-rich portion to the mills for processing. tO
Maxwell also studied fundamental problems in plant biochemistry that had their origin in manufacturing. Born in Great
Britain in 1854, Maxwell studied at the City and Guilds Institute at South Kensington. Later he worked with Ernst Schulze
at Zurich Poly technical Institute, where he investigated the
chemistry of plant cell membranes and the constituents of leguminous seeds ." In 1888 Maxwell enrolled at Harvard, where he
conducted a course in physiological chemistry. Between 1889
and 1893 he served the USDA as the assistant chemist supervising the agency's beet sugar experiments at Schuyler, Nebraska.
After accepting a position at the Audubon Park sugar station in
1893, Maxwell remained in Louisiana until his appointment in
1895 to the directorship of the Hawaii Sugar Experiment Station.
Maxwell's investigations in Louisiana were conducted in response to problems encountered during diffusion-process trials
at the station. He hypothesized that the presence of noncrystallizable organic bodies often interfered with the crystallization of
diffusion juices. Diffusion, he thought, also extracted substances
that were normally left in the bagasse during milling and left
behind other substances usually extracted by pressure treatment. 12 In the past, nitrogen analyses conducted at the station
had been based on the assumption that all nitrogen was in the
form of albuminoids. However, Maxwell performed a Kjeldahl
nitrogen assay on mill and diffusion juices to determine total nitrogen, and then he estimated amide nitrogen by the Stutzer
method. Maxwell determined that whereas the nitrogen in mill
juices was distributed between albuminoids and nonalbumi-
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noids (chiefly in the form of amides) in the ratio of one to two,
that in diffusion juices it was distributed in the ratio of one to
three. Since albuminoid bodies were necessary for the formation of the coagulation blanket during the clarification process,
it was now evident why hot water diffusion was often accompanied by crystallization and clarification problems.
Like his colleague Beeson, Maxwell related his findings to
physiological interpretations of cane growth . He claimed that,
in mature seed, nitrogen was primarily in an albuminoid form;
after the seed germinated, nitrogen was converted to the watersoluble amide form . Thus, amide compounds, along with glucose, were easily transported to the various regions of the plant,
where they furnished the raw materials for growth while being
reduced to albuminoid form once again.
Maxwell's investigations opened new areas in sugar chemistry. Yet his work had practical consequences as well. His analytical studies of nitrogen compounds effectively marked the
end of diffusion trials in Louisiana. Although the diffusion process had proven itself an effective method of obtaining high
extraction yields, the addition of excess water resulted in increased fuel consumption . This dilution problem could have
been surmounted, perhaps, by the use of efficient multiple-effect
evaporation apparatus. However, chemical process problems,
particularly during crystallization, proved to be the process 's
death knell .'3
Thus, between 1890 and 1895 the research staff at the Louisiana Sugar Experiment Station concentrated on problems in
sugar chemistry that were related not only to manufacturing
difficulties but also to important questions in plant physiology
and nutrition. This new type of agricultural chemistry practiced
at the experiment station at Audubon Park was quite different
from the inorganic analyses that Stubbs had conducted at the
Kenner location. Unlike Stubbs, Beeson and Maxwell were apparently not satisfied with reporting the results of their work
only in the experiment station's bulletins and the Louisiana
Planter and Sugar Manufacturer. These chemists were eager not
only to prove their work to the skeptical planters but also to
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gain the recognition of the scientific community. Therefore, it is
not surprising that Beeson communicated his findings in the
Journal of the American Chemical Society nor that Maxwell published his results in the Sugar Cane. 14
Between 1885 and 1895, both the station chemists and the factory chemists wanted to demonstrate their legitimacy within
the sugar industry. In particular, the factory chemists wanted to
overcome both the skepticism of their employers and the criticisms of the artisans whom they were gradually displacing from
the sugar houses. The sugar chemists in Louisiana viewed organization as the best strategy for securing their professional
goals.
Factory chemists led an early movement to organize a professional association for sugar chemists in Louisiana. In 1889 Lezin
Becnel, a chemist employed at the McCall Bros. Plantation in
Ascension Parish, took the initiative to establish a local chemists' society. He acted primarily in response to the perceived
widespread opposition to sugar chemists by both skilled and unskilled laborers. Becnel hoped that an association would clearly
define the role of the chemist in the sugar industry as well as
assist in uniting chemists with their planter employers for their
mutual benefit. Becnel asserted that the factory chemist was a
misunderstood, frequently maligned professional whom plant
workers often called a "crank" working in a "drugstore." 15
While factory chemists were promoting and clarifying their
position, station chemists were recognizing that the scientists
whose work was guided by theory suffered from a lack of prestige within the planter circles. Louisiana planters emphasized
that their business needed the contributions of practical chemists . According to this view, the successful chemist possessed "a
large stock of practical knowledge, and of experience in actual
sugar house work .... To employ a professor of chemistry unpossessed of this experience would be to lose a season ." 16 Thus,
both industrial and station chemists-two groups of chemists
possessing somewhat different educational backgrounds and
professional objectives-had sufficient reasons to unite.
On June 15, 1889, the Louisiana Sugar Chemists' Association
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held its first meeting at the Audubon sugar experiment station .J7
Some members of the station's staff, including Stubbs, attended,
and Bennett Battle Ross from the Baton Rouge station was
elected the group's first president. The association's objectives
included the dissemination of chemical knowledge, the discussion and evaluation of analytical methods, and the adoption of a
standard system of factory chemical-control statistics. Membership in this organization was limited to chemists who were either employed in the analysis of agricultural products or engaged in scientific agriculture. The organization was led by its
officers and two permanent committees of three members each.
The committee on statistics was selected from practical sugarhouse chemists, whereas the committee on analysis was composed of station chemists .
During the summer of 1889, led by Ross and Bird of the sugar
station, the committee on analysis compiled a list of the most
satisfactory analytical procedures for the determination of sugar.
The fact that they published their data in a widely circulated
pamphlet that fall indicated that these station chemists were attempting to establish themselves as experts within the Louisiana community of chemists. The Report of the Committee on
Methods of Sugar Analyses of the Louisiana Sugar Chemists' Association outlined in a simple manner the methods and apparatus
necessary for the determination of sucrose, specific gravity, density, total solids, glucose, ash, and fiber. This detailed description
was written for the benefit of analysts who were "just entering
.. . or [had] only a limited experience in the laboratory of the
sugar house." 18
Thus the committee established itself as an authority in approving the numerous chemical procedures used in the chemical control of the factory. In addition, the committee of station
chemists conducted precise polariscopic studies to ascertain the
absolute value of the constant employed in Clergel's method for
the determination of sucrose in the presence of glucose.1 9 This
investigation obviously had practical significance to the Louisiana sugar industry, which processed millions of pounds of sugar
annually. Even a small variation in Clerget's constant could
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affect the profits of large-scale processors. However, the extreme
care taken with reagents and experimental conditions, as well as
the treatment of data, suggests that Ross and Bird were also
hoping to earn the respect of the scientific community. They conducted their experiments utilizing a double-compensating polariscope in a 31°F room at the New Orleans Cold Storage Company. The results were compared with data obtained from gravimetric determinations using Fehling's solution. Indeed, the
committee was pursuing work begun by Hans Heinrich Landholt in Germany, and it published its results in the Journal of
Analytical Chemistry.
Concurrently, the association's statistics committee began to
devise a standard form for reporting chemical-process information . It was hoped that these sheets would eventually become
the basis for comparing the performance of various Louisiana
sugar houses and for indicating manufacturing inefficiencies.
Becnel asserted that in the future "our records should also include the cost of every item, from the cutting of the cane to the
cost of laying down one pound of sugar on our plantation landings, so as to . . . reduce the actual cost of manufacture." 20 The
introduction of chemical control into the Louisiana sugar industry ultimately revolutionized business practices. For example,
after S1. Mary's Parish planter John N. Pharr employed a chemist at his Glenwild factory, annual reports became more detailed
and manufacturing costs were included . The chemists' division
of the manufacturing process into units later became the basis
for cost accounting.
The Louisiana Sugar Chemists' Association met in the fall
and the spring, and discussions usually consisted of works-inprogress reports by various members. Concurrent with the
movement to stimulate research within the membership, the
chemists' association began to take steps toward identifying itself within a larger scientific community. In 1891 the organization expressed interest in joining a national group of chemists
led by Albert C. Peale. By 1893 most of the members had already
joined the American Chemical Society (ACS), and in late 1893
the association officially took steps to join that body. In 1894 the
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Louisiana Sugar Chemists' Association became a part of the
newly formed New Orleans section of the ACS. This local ACS
branch was short-lived, however, operating only until 1898. 2 1
The efforts of chemists to advance the utility of their profession gained widespread acceptance in Louisiana. The factory
chemist became an integral part of sugar manufacturing during
the 1890s. To remain competitive, planters were forced to rely
upon chemical-control data to minimize process losses and to
maximize product quality. However, the status of a researchoriented station chemist never became as secure as that of his
factory counterpart. With the repeal of the Bounty Law in 1894,
which had levied stiff tariffs on imported sugars, the American
market was flooded with cheap imported sugar, and the Louisiana sugar industry began a gradual decline. This economic
situation was not conducive to the support of carbohydrate research like that conducted by Beeson and Maxwell. To a large
degree, planters saw the answer to their problems not in the
study of complex organic substances but in political activities.
The redirection of the planters' interest resulted in the decline of
first-rate research at the Louisiana Sugar Experiment Station,
as pure science assumed a much lower priority than theretofore.
Thus, the world of the sugar chemist in nineteenth-century
Louisiana was characterized by change and tension. The agricultural chemistry of Liebig, practiced by Stubbs at the Louisiana Sugar Experiment Station, was unable to solve manufacturing problems that were arising from a new sugar technology. A
new kind of American chemist, like Maxwell and Beeson, applied modern organic chemistry to the solution of complex processing problems. Yet these European-trained scientists had to
deal with both skepticism and inner conflict. Along with the factory chemists, the station chemists saw organization as a way of
overcoming their tensions. Although the utility of chemical control was gradually accepted, a change in economic conditions
adversely affected the aspirations of the research-minded station chemists in Louisiana. After 1895 the experiment-station
chemists could hope to pursue research only if funded by the
federal government. The story of the gradual decline in the
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quality of research at the Louisiana Sugar Experiment Station
is to be told on another occasion.
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